ABSTRACT Purpose: To demonstrate compensatory lung growth (CLG) by lung contents of proteins, DNA, and RNA in undernourished young adult rats, submitted to pulmonary trilobectomy. Methods: We used 137 male Wistar rats, randomly distributed into 9 groups; they were submitted to three treatments (control, thoracotomy, and trilobectomy), and sacrificed at three different times (7, 30, and 90 days). In trilobectomy we removed the right median, accessory, and caudal lobes. We studied lung proteins, DNA, and RNA contents. Results: In the cranial lobe and left lung, protein content was higher in trilobectomized rats however there was insufficient CLG to make up for the loss. The increase of DNA in the cranial lobe and left lung of trilobectomized rats was sufficient to compensate for this loss, resulting in a similar content to controls. RNA content in trilobectomized rats, was higher in the cranial lobe and left lung, more efficient in the cranial lobe, but less than in the other groups. Conclusions: CLG occurred in trilobectomized rats, probably with cell hyperplasia and little hypertrophy, due to the large DNA compensation and small RNA compensation. This was markedly different to wellnourished animals, who had pronounced hypertrophy. Key words: lung/growth and development, nutrition disorders, Wistar rats.
Introduction
In an attempt to fill the pleural cavity after lung resection, the remaining elements of the pulmonary parenchyma distend causing a change in cell shape favouring important metabolic responses that increase gene expression 6 ; this stimulates protein synthesis and cell division 10 . Pulmonary insufflation and increased blood flow in the remaining lung, which occur soon after pulmonary resection, induce early gene expression which could be prerequisites for initiating CLG. Similar modifications occur at the RNAm levels, produced from these genes in isolated lungs submitted to exogenic insufflation and perfusion 6 . These genes which are expressed in the earliest stages at the start of compensatory growth, could have a regulatory function during the initial phase of pulmonary growth after pneumonectomy in rats 4 . Biochemical studies of DNA, RNA, and protein content could answer the question of whether there is only alveolar hyperinflation, or if in fact intracellular substances are deposited (hypertrophy) or cell numbers increase (hyperplasia). Increased DNA content, which is predominantly nuclear, suggests an increase in cell numbers, this is a marker of cell hyperplasia, while RNA and protein content are markers of hypertrophic growth 10 . In an earlier study with young adult well-nourished rats, we demonstrated efficient CLG when content was RNA and protein, and less effective when it was DNA. Therefore CLG seems to occur by cellular hypertrophy 13, 11 . Does CLG occur in undernourished young adult rats submitted to lung resection? If so, what is the biochemical behaviour?
The objective was to study CLG represented by DNA, RNA, and protein content in undernourished young adult rats submitted to lung trilobectomy.
Methods
One hundred and thirty-seven healthy male Wistar rats were used; they were 75 days old and weighed approximately 175g. Throughout the study, they were kept in a closed room with 12-hour per day artificial light cycle, individually housed in metal cages, received only 10g rat chow per day and water ad libitum. Animals were submitted to fasting in the 24 hours prior to anaesthesia and surgery. This study was approved by the Ethics Committee for Experimental Animals (CEEA), Botucatu School of Medicine -UNESP.At the beginning of the 14 day conditioning period, rats were weighed and examined. From this time on their daily food intake was rationed. A pilot study had demonstrated that normal rats in this stage of development ingest around 30g Labina ® * per day. According to this feed reduction model, rats received 33% of the normal daily quantity, around 10g, throughout the conditioning period and duration of the experiment. After the 14-day conditioning period, we saw that rats showed signs of undernourishment (reduced weight gain). Rats were randomly distributed into 9 experimental groups and submitted to three treatments (None = CON, Thoracotomy = TOR, and Trilobectomy = TRI); they were sacrificed at three different times (7, 30 , and 90 days) with collection of material for protein, DNA, and RNA content from three different lung tissue samples: ALeft Lung Parenchyma; B -Cranial Lobe Parenchyma, and C -Pooled Accessory, Median, and Caudal Lobes.
There were 11, 15, and 13 rats in the control, 20, 18, and 14 in the thoracotomy, and 14, 14, and 18 in the trilobectomy groups at 7, 30, and 90 days respectively.
Rats were submitted to general anaesthesia by intraperitoneal injection of sodium pentobarbital (30mg/kg).
Airway maintenance was by orotracheal intubation with an 8.2cm long PE160 polyethylene tube, with help from Lshaped blades and a cold light source.
Ventilation was maintained manually using an AMBU (Automatic Manual Breathing Unit).
Under clean conditions (trichotomy and iodizede alcohol) trilobectomy was performed through a large thoracotomy in the seventh right intercostal space. The Caudal lobe broncho-vascular pedicule was isolated and tied with nº10 cotton suture. The same procedure was performed for median and accessory lobes. After trilobectomy, the left lung, 34% pulmonary volume, and the cranial lobe, 11% pulmonary volume both remained intact Closing the thoracic wall was performed in three layers, with hyperinsuflation of the remaining lung to the end of the muscular wall to remove air from the cavity. Ribs, muscule, subcutaneous and skin, were closed by continuous nº10 cotton suture.
At sacrifice, rats were weighed and anaesthetized as described above. Laparotomy and then exsanguination was performed by total section of the inferior vena cava and abdominal aorta. Median sternotomy was by block resection of the heart and lungs, the latter being carefully dissected, weighed on an analytic balance, and used to determine protein content by total nitrogen as per 
FIGURE 2 -Protein content of the cranial lobe (mg).
Treatment: p<0.05; (CON = TOR) < TRI. 
Results

Protein Content:
Protein content of the cranial lobe and left lung between the three groups was significantly higher in TRI rats (Figures 2 and 3) . As right lung protein content was less in TRI rats, the increase in cranial lobe was not sufficient to compensate for the loss of the other three right side lobes (Figure 4) , and when compared to protein content of both lungs, between the three groups, it was significantly less in TRI rats, showing that even though occurring in both left lung and cranial lobe, it was still not sufficient to compensate for the loss of the three right lung lobes in trilobectomized rats ( Figure 5 ).
DNA Content:
In TRI rats, DNA content of the cranial lobe was significantly higher at 7 and 90 days. In the left lung it was significantly higher at all three studied times (Figures 6 and 7) .
In the right lung, similarly to protein content, DNA content was also significantly less in TRI rats, showing that the increase in cranial lobe was not sufficient to compensate for the other three right lobes (Figure 8 ), but when compared to DNA content in both lungs, the control group and TRI group were similar, showing that increase in the cranial lobe and left lung were sufficient to compensate for the loss of the three lobes ( Figure 9 ).
RNA content of the cranial lobe and left lung was also significantly higher in TRI rats (Figures 10 and 11) , however in the right lung, similarly to protein and DNA, it was significantly less, showing that the increase in cranial lobe was not sufficient to compensate for the loss of the other three right side lobes (Figure 12 ). RNA content of both lungs was significantly less in TRI rats, showing that the increases in cranial lobe and left lung were not sufficient to compensate for the loss of the three lobes ( Figure 13) ; this was similar to protein content.
FIGURE 10 -RNA content in the cranial lobe (µg). Treatment: p<0.05; (CON = TOR) < TRI.
FIGURE 11 -RNA content of the left lung (µg) (x1000). Treatment: p<0.05; (CON = TOR) < TRI.
Discussion
Protein content
Analysis of cranial lobe protein content showed that CLG occurred though a very intense response in this lobe. In TRI rats this was always higher than the other groups at all three studied times (Figure 2) . Even so the intensity of the response was not sufficient to compensate for the loss of the removed lobes, because right lung protein content of TRI rats, cranial lobes only, was always less than the other groups at all three studied times 12 ( Figure 4) . In a similar study with young well-nourished rats, right lung protein content was always less in TRI rats, also showing that the cranial lobe on its own was not sufficient to compensate for the loss of the other lobes on the same side 8, 10 . We saw that protein content in the left lungs of TRI rats was always higher than the other groups at all three studied times ( Figure 3 ). Protein content in the lungs, the sum of left and right, was always less in TRI rats than the other groups at all three studied times ( Figure 5 ). Therefore CLG after trilobectomy, even though seen in the cranial lobe and left lung, was not sufficient to make up for the loss. These results contrast with a study using young well-nourished TRI rats, because they showed full protein recuperation 8, 10 . Studies which use adult well-nourished rats submitted to lung resection, show that lungs are capable of coordinating cellular proliferation and producing the protein components of the extracellular matrix. Both cellular division and production of these protein components are accompanied by a volume increase in the terminal air spaces, and also maintain the normal morphology of the remaining pulmonary parenchyma submitted to CLG 14 . In our study, it seems that the nutritional deficit was a limiting factor for all these phenomena, by the simple lack of protein substrate in the reduced diet.
DNA content
DNA content in the cranial lobe was higher in TRI rats at the beginning and end of the experiment compared to the other groups ( Figure 6 ). In young well-nourished TRI rats, DNA content in the cranial lobe tended to be higher, but at no time in the study was it significant 10 . Could undernutrition stimulate cellular multiplication?
In the left lung of TRI rats, DNA content was always higher than the other groups at all studied times demonstrating an intense compensatory response ( Figure  7 ). CLG was demonstrated by the increase in DNA content which occurred despite undernourishment. Despite nutritional deficit, there was cellular multiplication after trilobectomy. Compensatory response in young wellnourished TRI rats was not complete, when represented by DNA content of the left lung 10 . DNA content of TRI rat lungs was always similar to TOR rats (Figure 9 ), even though 55% had been in the former, also hyperplasia seemed to occur from the initial moment. In well-nourished rats we were unable to demonstrate cellular multiplication with the same methodology. It seems that undernourishment acts as a facilitator of cellular hyperplasia.
RNA content
We observed that RNA content was always higher in the TRI rats ( Figure 10 ). This was not sufficient to compensate for the loss of the three lobes, because in the right lung of TRI rats, cranial lobes only, it was always significantly less than the other groups at all three studied times. RNA content in young well-nourished TRI rats 10 showed the same behaviour as undernourished animals, demonstrating that CLG, represented by increased RNA content, occurred in this lobe independent of nutritional state. In the left lung, RNA content was always higher in TRI rats (Figure 11 ), demonstrating that there was a compensatory response, although less intense than in the cranial lobe. This was similar to the well-nourished rats 10 . When analysing both lung, we see that in TRI rats, RNA content was always lower than the other groups at all three studied times ( Figure 13 ). Therefore CLG represented by RNA content in the lungs was more efficient in the cranial lobe than the left lung, but both were not sufficient to recuperate this variable when compared to the other groups. Despite similar behaviour in well-nourished rats, in separate lung and both lung analysis, we could not achieve similar levels to the other undernourished groups, a fact which occurred in the well-nourished rats, demonstrating that even though there was a compensatory response for RNA content, it was not as efficient as in well-nourished rats 10 . In TRI rats in this experiment, we observed that protein, DNA, and RNA content were reduced (Figures 5, 9, and 13) , some significantly when compared to the other groups. However, if we consider that more than half the lungs in TRI rats had been removed, there was effective CLG, despite undernourishment, with this phenomenon seeming to be much more important than normal rat growth, because there was practically no body mass gain throughout the whole experiment 12 . Due to CLG having occurred more as a result of DNA content rather than RNA or protein content, it seems that compensatory response in undernourished rats was more represented by cellular hyperplasia than hypertrophy, contrary to our previous study in well-nourished rats 8, 10 .
Conclusions
In trilobectomized rats, DNA content recuperation in lung tissue was similar to those not submitted to lung resection. For RNA and protein content, in spite of CLG occurring in the remaining lobe and contra-lateral lung, it was not sufficient to reach the values of non-resection groups, suggesting that under these experimental conditions, in the adult undernourished rat, that CLG after trilobectomy occurs more by cellular hyperplasia than hypertrophy. This is very different from well-nourished rats, where hypertrophy was much more pronounced.
